INTRODUCTION {#sec1-1}
============

Chronic obstructive pulmonary disease (COPD) is a disease due to chronic inflammation of the airways. This disease is accompanied by the presence of chronic obstruction.\[[@ref1]\] Multiple lines of evidence have indicated that a wide range of factors (i.e., genetical and environmental) are involved in the initiation and progression of COPD. Smoking is known as one of the main factors which could be associated with chronic inflammation of the airways.\[[@ref1]\] Inflammation is an important factor which has critical role in the initiation and progression of COPD.\[[@ref2]\] It has been shown that various immune cells and a variety of cellular and molecular pathways are involved in inflammation and play critical roles in COPD pathogenesis.\[[@ref3][@ref4]\] Among many cellular and molecular targets, microRNAs (miRNAs) have emerged to be involved in COPD pathogenesis.\[[@ref5][@ref6]\] Deregulation of miRNAs is associated with the initiation and progression of several diseases such as stroke, cardiovascular diseases, diabetes, cancer, and inflammatory diseases.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] Many miRNAs including miR-223, miR-1274a, miR-101, and miR-144 exert their effects via inhibition/activation of a sequence of cellular and molecular pathways (i.e., Smad, transforming growth factor β \[TGF-β\], Kras, Notch, and Wnt) involved in COPD.\[[@ref5][@ref6]\] Hence, it seems that these molecules could be used as new diagnostic and therapeutic biomarkers for patients with COPD. Alterations of miRNA expression could occur due to various events such as mutations and inhibition/activation of various targets.\[[@ref15][@ref16][@ref17]\] Exosomes are extracellular vesicles which could change the expression of miRNAs in recipient cells. These nanocarriers could transfer various signals via cargos such as messenger RNAs (mRNAs), miRNAs, and proteins to recipient cells.\[[@ref18][@ref19]\] It has been shown that several exosomal miRNAs such as miR-100, miR-21, and miR-181a could be used as diagnostic and prognostic biomarkers in COPD.\[[@ref19][@ref20][@ref21]\] In the current review, we focus on various miRNAs that could be utilized as diagnostic and prognostic biomarkers for COPD patients. Moreover, we highlighted the role of exosomes containing various cargos, especially miRNAs as diagnostic and therapeutic biomarkers for patients with COPD.

MICRO-RNA AS DIAGNOSTIC AND THERAPEUTIC BIOMARKERS IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE {#sec1-2}
===========================================================================================

COPD is a chronic heterogeneous disease of the lungs which could be characterized by persistent and excessive inflammation, alveolar lesions, accelerated decrease in lung function, and airflow limitation.\[[@ref22]\] Many factors such as inflammation and cell structure changes could be involved in the initiation and progression of COPD. miRNAs have also been suggested to be involved in the COPD pathogenesis \[[Figure 1](#F1){ref-type="fig"}\]. These molecules are known as epigenetic regulators which exert their effects via targeting a variety of cellular and molecular pathways.\[[@ref19][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29]\] It has been shown that deregulation of miRNAs could be associated with the initiation and progression of several diseases such as cardiovascular diseases, stroke, diabetes, cancer, and COPD.\[[@ref5][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35]\] Multiple lines of evidence have revealed that up/down-regulation of various miRNAs (i.e., miR-21, miR-145, miR-181, miR-1, miR-144, and miR-101) could be related to COPD pathogenesis.\[[@ref5][@ref6]\] It has been showed that a variety of external factors (i.e., smoking and oxidative stress) and internal factors (i.e., deregulation of various growth factor ligands, interleukins \[ILs\], and receptor tyrosine kinase) could lead to deregulation of many cellular and molecular pathways and miRNA expression.\[[@ref36][@ref37][@ref38]\] These events are associated with small and large alterations in molecular and cellular levels and could contribute to the progression of COPD.\[[@ref36]\]

![Various cellular and molecular pathways involved in chronic obstructive pulmonary disease](JRMS-23-27-g001){#F1}

MiRNAs are involved in various signaling pathways such as TGF-β signaling pathway. Several studies have confirmed that TGF-β pathways play critical roles in COPD pathogenesis.\[[@ref39][@ref40]\] Baraldo *et al*. confirmed that downregulation of TGF-β type II receptor (TGF-βR2) is associated with the progression of COPD.\[[@ref41]\] Their results indicated that the expression profile of TGF-β1 in bronchial glands was similar in the two groups of cases while there was a decreased in expression of TGF-βR2 in smokers with COPD than in smokers with normal lung function. Expression of TGF-βR2 was associated with the values of Reid\'s index which is known as a measure of gland size. These findings suggested that TGF-β signaling pathway has key roles in COPD pathogenesis.\[[@ref41]\]

Ezzie *et al*. assessed gene expression profiles of many miRNAs and mRNAs in 26 patients with COPD.\[[@ref5]\] They showed that miR-146a, miR-15b, miR-223, and miR-1274a were upregulated in COPD samples. Moreover, they showed that a variety of genes (e.g. BMP5 and BMP6, TGF-βR1 and TGF-βR2, and SMAD7) involved in TGF-β signaling pathway were downregulated in patients with COPD. Bioinformatics analysis indicated that various miRNAs could target these genes in COPD patients. For example, upregulation of miR-15b in a bronchial epithelial cell line could be associated with downregulation of SMAD7, SMURF2, and downstream decorin protein. These results proposed that many miRNAs are involved in TGF-β signaling pathway via targeting various genes and thus could contribute to the initiation and progression of COPD.\[[@ref5]\]

O\'Leary *et al*. indicated that miR-145 targets SMAD3 which is known as one of the important downstream signaling molecules in the TGF-β pathway and plays critical roles in the initiation and progression of COPD.\[[@ref42]\] They showed that TGF-β could induce the expression of SMAD3 via increasing miR-145 in COPD patients. It has been shown that of miR-145 could be regulated by the MAP kinases, MEK-1/2, and p38 MAPK pathways. Upregulation of miR-145 in patients with COPD could inhibit the release of IL-6 and CXCL8. These findings suggest that miR-145 could regulate pro-inflammatory cytokine release from airway smooth muscle cells in COPD via targeting SMAD3.\[[@ref42]\]

Kusko *et al*. assessed several genes and pathways involved in idiopathic pulmonary fibrosis (IPF) and COPD.\[[@ref43]\] They showed that various members of the signaling pathways including hypoxia-inducible factor-1α, MDM2, and NFKBIB are involved in COPD and IPF pathogenesis. Moreover, they revealed that alternative splicing of p53/hypoxia pathway-related molecules NUMB and PDGFA occurred more frequently in IPF or COPD compared with the control group. RNA-seq analysis indicated that among many miRNAs, miR-96 acts as a major regulatory hub in the p53/hypoxia gene-expression network. The regulation of miR-96 *in vitro* recapitulates disease-related gene-expression network.\[[@ref43]\] These findings suggest that a variety of signaling pathways that regulate miRNAs network are involved in COPD pathogenesis and miRNAs could be utilized as potential candidates for the diagnosis and prognosis of COPD.

Accumulating evidence indicates that smoking is one of the major risk factors for COPD which could be associated with the progression of COPD in various stages.\[[@ref44]\] Numerous studies have confirmed that smoking can down/up-regulate many miRNAs and could thus affect COPD progression.

Du *et al*. assessed the expression levels of miR-181c in 34 patients with COPD (smoking cases) compared with healthy controls.\[[@ref45]\] Their results indicated that miR-181c could be significantly downregulated in patients with COPD versus healthy controls who had never smoked. They also showed that upregulation of miR-181c could be associated with several effects such as reduction of the inflammatory response, neutrophil infiltration, reactive oxygen species generation, and inflammatory cytokines production. Downregulation of miR-181c could be associated with opposite effects. Moreover, they revealed that miR-181c exerts its effects via targeting CCN1. Downregulation of miR-181c could lead to an increase in CCN1 expression in the lung tissues of COPD patients compared with healthy controls. These findings suggested that miR-181c could be used as a therapeutic target for the treatment of patients with COPD.\[[@ref45]\]

Multiple lines of evidence have indicated that DNA damage pathways are main players for aging disorders such as COPD.\[[@ref46]\] This damage could be due to many factors such as oxidative stress and activates ataxia telangiectasia-mutated (ATM) kinase which has critical roles in the DNA damage response.\[[@ref47]\] It has been shown that the increasing of DNA in the lung biopsies from smokers and COPD patients may accelerate lung aging and pathogenesis of COPD.\[[@ref48][@ref49]\]

Paschalaki *et al*. indicated that deregulation of miR-126 is associated with activation of ATM kinase.\[[@ref50]\] They showed that the levels of miR-126 were downregulated in blood outgrowth endothelial cells from smokers and COPD patients compared with nonsmoker subjects. These results suggested that downregulation of miR-126 via targeting ATM could promote tissue aging and dysfunction in smoker and COPD subjects. Hence, this miRNA could be utilized as a novel therapeutic target in patients with COPD.\[[@ref50]\]

Besides the role as therapeutic targets, miRNAs could be employed as prognostic and diagnostic biomarkers in various diseases such as COPD.\[[@ref6]\] COPD is a multifactorial disease, and various efforts to find effective diagnostic and therapeutic platforms for treatment of patients with COPD have been made. It has been shown that the levels of various cytokines (i.e., IL-6, IL-8, IL-10, IL-17, IL-12p70, and IL-1β), cysteinyl-leukotrienes (LTs), LTB4, prostaglandin E(4), hydrogen peroxide (H(2)O(2)), and 8-isoprostane could be associated with COPD pathogenesis.\[[@ref51]\] Despite many efforts, effective diagnostic biomarkers are still rare. Previous studies confirmed that miRNAs play critical roles in COPD pathogenesis. Hence, it seems that these molecules may be utilized as new prognostic and diagnostic biomarkers for monitoring patients with COPD.\[[@ref6]\]

Soeda *et al*. investigated the expression levels of various circulating miRNAs in the plasma of 40 COPD patients.\[[@ref52]\] They indicated that deregulation of many miRNAs could be associated with progression of COPD. Their results revealed that a variety of miRNAs including miR-29b, miR-483-5p, miR-152, miR-629, miR-26b, miR-101, miR-106b, miR-532-5p, and miR-133b were significantly downregulated in the plasma from COPD patients compared with control group. Moreover, they showed that there was negative association between the levels of miR-106b and duration of disease since the diagnosis in COPD ex-smokers and duration of smoking in COPD current smokers. These findings suggested that downregulation of miR-106b could reflect persistent and systemic alteration even after the discontinuation of smoking in patients with COPD. Hence, miRNAs may be utilized as diagnostic biomarkers for COPD patients.\[[@ref52]\]

Kara *et al*. assessed the expression levels of several miRNAs including miR-16, miR-17, miR-29c, miR-92, miR-125, miR-126, miR-146, miR-155, miR-181, and miR-122 using real-time polymerase chain reaction in 60 patients with COPD.\[[@ref6]\] Their results indicated that miR-29c and miR-126 were upregulated in COPD patients Stage III compared with healthy controls. These findings propose that these miRNAs may be utilized as diagnostic biomarkers for patients with COPD.\[[@ref6]\] [Table 1](#T1){ref-type="table"} lists various miRNAs involved in COPD pathogenesis which could be used as diagnostic and therapeutic biomarkers for the treatment of patients with COPD.

###### 

Several microRNAs involved in chronic obstructive pulmonary disease pathogenesis
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MiR-218-5p is another important miRNA which has a main role in COPD pathogenesis and it seems that it could be used as an effective candidate for the diagnosis and monitoring of patients with COPD.\[[@ref53]\] Conickx *et al*. indicated that various miRNAs such as miR-218-5p were deregulated in COPD patients.\[[@ref53]\] They showed that the expression of miR-218-5p could be decreased in smokers without airflow limitation and in COPD patients compared with never-smokers. These results suggest that miR-218-5p has a protective role in cigarette smoke (CS)-induced inflammation and COPD patients and could be used as diagnostic and therapeutic biomarker for the detection and monitoring of patients with COPD.\[[@ref53]\]

EXOSOME AND CHRONIC OBSTRUCTIVE PULMONARY DISEASE {#sec1-3}
=================================================

Many cells could change their behavior via receiving a variety of cellular and molecular signals. Extracellular vesicles (i.e., exosomes, apoptotic bodies, and microvesicles) are able to carry several signals to recipient cells.\[[@ref12][@ref92]\] Exosomes are known as one of the important nanovehicles which have critical roles in various physiological events. These vesicles could carry many cargos such as DNAs, mRNAs, miRNAs, and proteins.\[[@ref18][@ref19]\] Accumulating evidence has indicated that these extracellular vesicles could be employed as diagnostic and therapeutic biomarkers in the treatment of various diseases such as cancer and COPD \[[Table 2](#T2){ref-type="table"}\].\[[@ref19][@ref20][@ref21]\]

###### 

Several cargos which carried by different microparticles such as exosomes
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Several studies have indicated that extracellular vesicles such as exosomes are able to carry various cargos. Among several cargos, miRNAs are important and can transfer various cellular and molecular signals to recipient cells.\[[@ref97]\] Hence, exosomal miRNAs could be used as new tools for diagnosis and treatment of various diseases such as COPD.

Fujita *et al*. investigated the effect of exosomal miRNAs in the suppression of autophagy in COPD patients.\[[@ref98]\] It has been shown that CS exposure could lead to emphysema, increasing of myofibroblast, and airway remodeling, which all contribute to COPD progression. They showed that CS could induce upregulation of exosomal miR-210 in bronchial epithelial cells. Exosomal miR-210 could induce myofibroblast differentiation in lung fibroblasts (LFs). Exosomal miR-210 could directly control autophagy processes via affecting ATG7. The exosomal miR-210 expression is associated with downregulation of ATG7 in LFs. They reported decreased autophagy in LFs from COPD patients, and also, the silencing of ATG7 in LFs could lead to myofibroblast differentiation. These results indicated that CS exposure induces the modification of exosome components and exosomal miR-210 acts as a paracrine autophagy regulator of myofibroblast differentiation. This molecule could be employed as a therapeutic biomarker for patients with COPD.\[[@ref97]\]

Skeletal muscle weakness is an important systemic complication of COPD which could affect exercise capacity and mortality. Burke *et al*. assessed the role of exosomal miRNAs in COPD patients who had skeletal muscle weakness.\[[@ref98]\] They isolated exosomal miRNAs from serum and bronchoalveolar lavage fluid (BALF) of four patients with COPD. Their results indicated that one exosomal miRNA was upregulated in serum of COPD patients and four exosomal miRNAs were downregulated in BALF of patients with COPD. *In silico* analysis indicated that these miRNAs could exert their effects via targeting many genes including S6K involved in the mTORC1 signaling pathway which serves as a key regulator of skeletal muscle wasting. These results indicated that exosomal miRNAs play critical roles in skeletal muscle wasting in patients with COPD and could be utilized as diagnostic and prognostic biomarkers for the detection, treatment, and monitoring of patients with this disease.\[[@ref98]\]

Exosomal proteins (i.e., CD31, C-reactive protein \[CRP\], soluble tumor necrosis factor receptor 1 \[sTNFR1\], CD114, and CD66) are other types of biomarkers which could be employed for diagnosis and monitoring of COPD patients \[[Table 2](#T2){ref-type="table"}\].\[[@ref99]\] Recently, Tan *et al*. assessed the expression levels of exosomes in plasma of patients with acute exacerbations of COPD (AECOPD) (*n* = 20), stable COPD (sCOPD; *n* = 20), and nonsmoking healthy group (*n* = 20).\[[@ref99]\] Their results revealed that plasma levels of exosomes in AECOPD and sCOPD were significantly increased compared with healthy controls. Moreover, they showed that expression levels of exosomes were associated with plasma levels of CRP, sTNFR1, and IL-6. These findings suggested that exosomes could be anticipated in various pathogenic events involved in AECOPD and sCOPD. Hence, it seems that exosomes and their cargo could be utilized as diagnostic and prognostic biomarkers for the treatment of patients with COPD.\[[@ref99]\]

It has been shown that persistence of inflammation is one of the important characteristics of COPD.\[[@ref100]\] Exosomes could be involved in these events via targeting various cellular and molecular pathways involved in inflammation.\[[@ref101]\] Multiple lines of evidence have revealed that several factors such as smoking, acceleration of epithelial cell senescence, airway epithelial cell injury, destruction of pulmonary capillary vasculature, and airway remodeling are associated with COPD pathogenesis.\[[@ref102]\] Among various factors, airway epithelial cell injury is known as an important player in COPD pathogenesis. Several studies have indicated that injured lung epithelial cells could be an important source for inflammatory mediators such as granulocyte-macrophage-colony-stimulating factor, IL-1β, tumor necrosis factor-α, TGF-β and CXCL-8.\[[@ref102]\] These mediators could exert their autocrine and paracrine effects on several cells. For example, TGF-β could stimulate remodeling of airway cells via modulation and induction of myofibroblast differentiation which is known as one of the main causes of fibrosis development during airway remodeling.\[[@ref102]\] It has been revealed that the expression levels of TGF-β in the small airway epithelium of patients with COPD could be associated with the severity of airway obstruction.\[[@ref103]\] Li *et al*. indicated that paracrine activity of various mediators is mediated by various exosomes released from human macrophages.\[[@ref104]\] Hence, it seems that chronic exposure to CS could lead to epithelial cell death and lung tissue loss via targeting various exosomes containing mediators.\[[@ref104]\]

Another study indicated that prolonged exposure to CS could induce the release of CCN1-enriched exosomes from lung epithelial cells. It has been indicated that CCN1 has critical roles in tissue remodeling and repair process as an extracellular matrix protein.\[[@ref105]\] This protein could improve release of CXCL-8 from cells via targeting a variety of cellular and molecular signaling pathways such as Wnt signaling pathway.\[[@ref106]\] These findings suggested that exosomes containing CCN1 could be associated with the paracrine stimulation of CXCL-8 in the lung mesenchyme or parenchyma and the subsequent recruitment of inflammatory cells.\[[@ref105][@ref107][@ref108]\] These physiological events could lead to lung tissue fibrosis.\[[@ref105][@ref107][@ref108]\] Letsiou *et al*. revealed that CS could increase the numbers of circulating lung epithelial cell-derived exosomes.\[[@ref109]\] It has also been shown that the degree of lung endothelial injury in patients with COPD could be used as a diagnostic biomarker.\[[@ref109]\] These studies suggested that various exosomes could be employed as diagnostic and therapeutic biomarkers in patients with COPD.\[[@ref109][@ref110]\]

CONCLUSION {#sec1-4}
==========

COPD is known as a multifactorial disease, in which many factors such as smoking play critical roles. These factors could exert their effect via targeting vital pathways involved in inflammation. Among many molecules and pathways involved in COPD pathogenesis, miRNAs and exosomes have emerged as important players. It has been indicated that modulation of miRNAs via targeting various cellular and molecular pathways involved in COPD could contribute to the initiation and progression of COPD. The recognition of new markers that related with prognosis, diagnosis, therapy, and response to therapy may help improve and monitor of disease progression in COPD-afflicted patients. Among of various markers, miRNAs and exosomes have been emerged as new tools for using as diagnostic and therapeutic biomarkers in the treatment of COPD.
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